Introduction
Natural ecosystems have suffered heavily over the last years from the impact of the combined effects of urbanization and other anthropogenic activities resulting from population growth. Many aquatic environments, such as rivers, lakes and reservoirs, which provide essential services to humanity, have undergone a number of changes due to human interference (Kö nig et al., 2008) . In this context, aquatic communities are constantly exposed to pollution by the large number of compounds released into water bodies from various emission sources, including industrial effluent discharge, domestic sewage, agricultural waste and others (Rashed, 2001 ). Thereby, the environmental quality or degradation level of these ecosystems may be reflected by their biological communities, which respond differently to the effects of the disturbing agents, providing an indicator to assess the effects of these disorders (Barbour et al., 1999) .
The organisms most fequently used in the assessment of the impacts on aquatic ecosystems are the benthic macroinvertebrates, fish and periphyton (Goulart & Callisto, 2003) . In ichthyofauna studies, for instance, the parameters usually analyzed in the study of populations are the size and weight of the organisms. The length-weight relationship of fish is an important tool to distinguish aspects of their biology, physiology and ecology, and combined with other quantitative features, such as growth, recruitment and mortality, it provides valuable information about the species structure in an environment (Lizama & Ambró sio, 1999) .
Using the relationship between body weight and length, it is possible to derive a parameter that is a measure of wellness, providing information about how the animal takes advantage of the available resources. This parameter, known as the relative condition factor (Kn), is an important and powerful tool to demonstrate changes in the condition of fish over a certain period of time and can be used to indicate nutritional status, environmental changes, the reproductive period, the dietary changes period, the fat accumulation (Le Cren, 1951; Gomiero & Braga, 2003) and parasite infections (Lemos et al., 2007) , making it possible to compare populations that are subjected to different climate conditions, water temperature, salinity and density, food availability and other conditions (Lizama & Ambró sio, 2002; Rocha et al., 2005; Rêgo et al., 2008) . Under normal conditions, the theoretically expected value of Kn is 1, whereas any event that interferes with the health or welfare of the fish can produce variations in this value.
The improper use of land and natural resources, resulting from urban development without proper planning and agricultural activities in the catchment area of the Monjolinho River have caused large disturbances in the basin, especially in the area of headwaters in the city of Sã o Carlos during the last few decades (Sé, 1992) . The accelerated development occurring in areas where these headwaters are located interferes directly with the stability of aquatic ecosystems and, therefore, affects the water quality and aquatic biota across the whole river basin.
The aim of this study was to assess the conditions in the tributary streams of the upper portion of the Monjolinho River system, through chemical, physical and biological analysis, as well as to test the relative condition factor as an indicator of environmental influence on the physiological state of the fish species present in these streams, with a view to using them as indicators of disturbance.
Material and Methods
The Monjolinho River basin covers an area of approximately 275 km 2 , at an elevation between 700 and 800 meters above sea level. The greater part of this basin is located in the district of Sã o Carlos city, in the state of Sã o Paulo. The city is located in an area of accelerating urban development and, therefore, of considerable anthropogenic impact. The length of the river is 43.25 km (Sé, 1992) .
The stretches used as sampling sites were chosen to include a variety of environmental and anthropogenic influences (natural, rural and urban areas) in several tributaries belonging to the upper portion of the Monjolinho River catchment area. The study area is mapped in Figure 1, To analyze the sampling stretches, we used the Habitat Diversity Rapid Assessment Protocol described by Callisto et al. (2002) , which assesses a set of variables and indicates the degree of conservation of the habitat as: natural (up 60 points), altered (41-60 points) or impacted (0-40 points).
Sampling was conducted in the months of July and August 2013: a metal wire sieve mesh (diameter = 0.75 m, mesh = 3 mm) and a net (0.50 m in diameter) were used to catch the fish fauna, with a sampling effort of one hour in each stretch (approximately 50 meters long). The specimens were fixed in 10% formalin and preserved in 70% alcohol for later identification and biometrics analysis. For taxonomic identification, the specialized bibliography, keys and descriptions available in the literature were used (Britski, 1972 Britski et al., 1999 , modified by Casatti et al., 2001 Castro et al., 2004; Oliveira, 2006; Grace & Pavanelli, 2007; Lucinda, 2008) , as well as the help of ichthyologists. Species with greater occurrence constancy were selected, according to the criteria of Dajoz (1983) , as well as those with higher relative abundance at the collection sites, and the species that were present in the habitats of lowest and highest degradation were taken as references.
For each selected taxon, measurements of standard length (Ls) and fresh weight (Wo) were taken with digital calipers (King Tools) and a precision balance (Marte AS 2000c). These data were used to fit an overall weight-length curve for each species, by adjusting a and b, the equation W = a.Ls b (Le Cren, 1951) . With the estimated values of coefficients 0a0 and 0b0, the theoretical expected weights (We) for the respective values of standard length (Ls) were calculated. The values of the relative condition factor (Kn) calculated by the equation Kn = Wo/We for individuals sampled in each environment, and the Kn data sets for each species and their habitats were compared by the nonparametric Kruskal-Wallis test (complemented by Dunn's test) at a significance level of 5%. Finally, each mean Kn was compared with the hypothetical average (Kn = 1) by student's t-test (Zar , 2010) .
The physical and chemical data: pH, electrical conductivity, dissolved oxygen concentration and water temperature, were measured "in situ" with a HORIBA U-10 multiprobe, alongside the water sampling. The inorganic nutrients analyzed were: total phosphorus and nitrogen (Valderrama, 1981) , nitrite (Bendchreider & Robinson, 1952 , cited by Golterman et al., 1978 , nitrate (Mackereth et al. 1978) , ammonium (Koroleff 1976, cited by Mackereth et al. 1978 ) and dissolved total phosphate, organic phosphate and inorganic phosphate (Strickland & Parsons, 1960) . Once the nutrient concentrations were established, the trophic state index (TSI) of Carlson (1977) modified by Lamparelli (2004) was calculated, using the total phosphorus concentration.
Canonical correspondence analysis (CCA), followed by a Monte Carlo test, with 999 random permutations, was used to test the existence of significant associations between environmental variables and the relative condition factor of each species, using the program CANOCO 3:12 (Š milauer & Ter Braak, 2002) .
Results
Fishes belonging to eight species, totaling 616 specimens, were collected in the sampled streams, of which Astyanax paranae (Eigenmann, 1914) , Phalloceros harpagos (Lucinda, 2008) and Poecilia reticulata (Peters, 1859) were more numerous, both in occurrence (O) and relative abundance (A), than others: Hypostomus ancistroides (Ihering, 1911), Geophagus brasiliensis (Quoy & Gaimard, 1824), Rhamdia quelen (Quoy & Gaimard, 1824), Gymnotus carapo (Linnaeus, 1758) and Hyphessobrycon anisitsi (Eigenmann, 1907) Table 1 . Therefore, the first three were selected for the length-weight relationship and relative condition factor. Table 2 ).
The equations obtained for the length-weight relationship for Astyanax paranae, Phalloceros harpagos and Poecilia reticulata in the streams under study were, respectively, W = 0.00001399 Ls 3.180 , W = 0.000003791 Ls 3.558 and W = 0.000007636 Ls 3.4142 . The values of the exponents of LS (b.3) characterize the growth of the species as positive allometric; therefore, there is a greater than expected increase in weight as the standard length grows (Figure 2) .
The data shown in Figure 3 indicate that Astyanax paranae showed significantly lower values of the mean the relative condition factor (Kn) in the Ponte de Tá bua stream (PT1 and PT2) than in other streams where the species occurred; both in PT1 and PT2, Kn was smaller than 1 (0.94 and 0.95, respectively). The Kn values for the species in Canchim (Kn = 1.05) and Douradinho streams (Kn = 1.03) were significantly higher than 1, suggesting significantly more suitable environmental conditions for this fish than those in sites PT1 and PT2.
In contrast, Phalloceros harpagos individuals collected in Douradinho stream were in poor body condition, shown by the low average value of Kn (p,0.05) relative to the other streams and the standard Kn (Kn = 1).
The specimens of Poecilia reticulata showed a higher Kn value in Belvedere stream than in all the other streams where this species was recorded. Besides being the highest value among all the streams, the average Kn of this species in this stream was significantly higher thant the standard value (Kn = 1) (Figure 3 ).
In the canonical correspondence analysis (CCA), the first two axes explained 98.5% of the total variability of the data (Figure 4) . In general terms, the Belvedere stream (Bvd) was associated with higher nutrient concentrations, environmental disturbance, lower dissolved oxygen and higher abundance of Poecilia reticulata individuals. The species Astyanax paranae was correlated with natural habitat streams, with low nutrient concentrations and higher dissolved oxygen concentrations. In turn, Phalloceros harpagos individuals were associated with altered conditions, as in: 
Discussion
The physical and chemical analysis, the Habitat Rapid Assessment Protocol of habitats and the trophic state index indicated a range of sites, from very clean to very impacted. Being located in conservation areas, with well structured vegetation and far from pollutant emission sources, Espraiado stream, 1 and 2, have a good environmental quality, with nutrient concentrations below the regional limits for natural systems, according to those described by Tundisi & Matsumura-Tundisi (2008) . The Habitat Rapid Assessment Protocol and trophic state index corroborated the improved environmental quality of these stretches, classifying them as natural and oligotrophic environments, respectively. However, these instruments characterized the Canchim, Douradinho, Ponte de Tá bua1 and 2 and Sã o Rafael streams as mesotrophic and altered. In all streams except for Espraiado and Canchim streams, the dissolved inorganic nitrogen concentrations (ammonium, nitrite and nitrate) were higher than those found in natural habitats with low human intervention (around 0.12 mg.L -1 ), according to Allan & Castillo (2007) . In Belvedere stream, high nutrient concentrations and electrical conductivity were recorded compared to the other streams. The trophic state index and the Habitat Rapid Assessment Protocol characterized the Belvedere stream as eutrophic and impacted, respectively. Furthermore, evidence of fires was found in the riparian vegetation. These results corroborate those of Souza (2011) , who reported, at the same site, a stream that proved to be negatively impacted.
The values of exponent b values for the species studied were within the limits indicated by Vazzoler (1996) , ranging from 2.4 to 4.0 for most fish species. According to Verani (1980) , variations in this allometric coefficient can be related to environmental conditions and inherent biogenetic features of each species. Thus, the fact that this exponent exceeded 3 indicates that all three species, Astyanax paranae, Phalloceros harpagos and Poecilia reticulata at the study sites, showed a greater weight gain than predicted during growth, featuring positive allometric growth (Wooton, 1991) .
In the CCA the relative condition factor (Kn) showed that Astyanax paranae was in good condition in the well-oxygenated and less nutrient environments in Espraiado stream, as noted in stretches 1 and 2. However, there were no significant differences in the Kn values between the stretches classified as natural and oligotrophic and those classified as altered and mesotrophic, except for the Ponte de Tá bua stream, stretches 1 and 2, where below average values of Kn were found for this species.
The results found by Lima-Junior (2004) and Orsi (2004) for the species Astyanax altiparanae demonstrated a fall in the condition factor at most degraded sites. In contrast, JuniorMartins & Schulz (2001) and Albert et al. (2005) found an increase in Kn for another species of lambari, Astyanax fasciatus, in polluted sites. One possible explanation for the higher values of Kn for Astyanax paranae found in the subpopulations in Canchim and Douradinho streams, classified as mesotrophic and altered in this study could be that, within certain limits, eutrophication can increase the productivity of an ecosystem (Toledo et al., 1983) , in the short term, be beneficial to the species. However, an excessive level of productivity can be harmful because it adversely alters the water quality, causes profound changes in the biogeochemical cycles of aquatic ecosystems and also leads to changes in community structure, destroying the natural balance of the food web (Toledo et al.,1983) .
The low Kn values found for the subpopulation in the Ponte de Tábua stream (stretch 1 and 2) may be related to exposure of Astyanax paranae to the high nitrite concentrations recorded when compared to those reported in other streams where this species occurred. According to Baldisseroto (2002) , nitrite can be toxic to fish, even at low concentrations, because it combines with the blood's hemoglobin, hindering the transport of oxygen and resulting in tissue hypoxia (Jensen & Knudsen, 1997) . Even at non-lethal levels, it can cause a weakening of the immune system of some species, leading to reduced growth and lower weight gain (Hanson & Grizzle, 1985) .
For Phalloceros harpagos, the canonical correspondence analysis (CCA) related the species to environments with moderate levels of pollution, which suggests that it is tolerant to environments with moderate disturbance. The relative condition factor did not differ statistically between environments of different degrees of disturbances except for the subpopulation from Douradinho stream. A similar result was obtained by Araú jo et al. (2009) for the population of Phalloceros caudimaculatus in the Paraiba do Sul River. The low condition factor obtained for the subpopulation of P. harpagos in Douradinho stream was possibly a result of competition with A. paranae, which occurs in the same stream and in greater numerical density, and the fact that these species have similar trophic niches and a degree of flexibility that allows them to occupy a range of environments, from moderately impacted areas to nearly natural ones (Orsi, 2004) . Thus, according to this author, the fish of this genus (Astyanax spp.) can use available resources efficiently and can also compete well in moderately disturbed habitats, which can be seen from the higher Kn value of this species in Douradinho stream compared, to Phalloceros harpagos.
Poecilia reticulata was highly correlated with negatively impacted environments, characterized by higher contents of nutrients and low oxygenation of the water. This has already been observed for this species by Lemes & Garutti (2002) , Dyer (2003) and Cunico et al. (2006) who reported a high density of this species in impacted streams. According to Oliveira & Bennemann (2005) , Poecilia reticulata is an exotic species that shows resilience in environments disturbed by human activity, owing to its opportunistic habits and diversified diets. In the present study, the relative condition factor of P. reticulata was highest in Belvedere stream, where the most severe conditions of eutrophication were observed, confirming that this species is not affected by poor environmental quality. In general, the species of the order Cyprinodontiformes are more tolerant of environmental degradation and can remain in such sites long after all the other fish disappear (Araú jo, 1998; Chapman & Chapman, 1992) . According to the authors cited here, the flexibility in the diet and the ability to survive and reproduce in waters with low oxygen facilitate the exploration of the habitat by this fish.
In the streams of the Monjolinho river basin, the varying degrees of environmental quality influenced differently the relative condition factor of the species. Astyanax paranae was more sensitive to environments with higher nutrient and oxygen concentrations, while Phalloceros harpagos seems to be tolerant, since its condition factor did not differ between environments, with the exception of Douradinho stream, where the Kn value probably reflected the competition for food with A. paranae. On the other hand, P. reticulata had the highest Kn value in the environment with lowest oxygen and highest nutrient concentrations, suggesting that this species is resistant to disturbed environments. The relative condition factor of fishes, combined with the analysis of environmental conditions, can be a useful tool for studies assessing the environmental quality of streams.
